The objective of this study was to evaluate effects of feeding monensin (MON) or a multivalent polyclonal antibody preparation (PAP) against several rumen microorganisms on feedlot performance, carcass characteristics, blood gas profi le, and rumenitis of Bos indicus biotype (BT) yearling bulls. The study was designed as a completely randomized design with a 3 × 2 factorial arrangement, replicated 4 times, in which 32 yearling bulls of each of 3 BT evaluated (3-waycross, TC; Canchim, CC; and Nellore, NE) were fed diets containing either MON at 300 mg•d −1 or PAP at 10 mL•d −1 across 3 different periods. No signifi cant (P > 0.10) feed additive (FA) main effects were observed for any of the feedlot performance variables and carcass characteristics with the exception of dressing percentage. Yearling bulls receiving PAP had a decreased (P = 0.047) dressing percentage when compared with yearling bulls receiving MON. Signifi cant (P < 0.05) BT main effects were observed for all feedlot performance variables and carcass characteristics with the exception of kidney-pelvic fat expressed in kilograms (P = 0.49) and LM lipids content (P = 0.45). Crossbred yearling bulls (TC and CC) had greater (P < 0.001) ADG, DMI in kilograms, DMI as % of BW, and improved (P = 0.001) G:F when compared with NE yearling bulls. A tendency (P = 0.072) for a FA main effect was observed for rumenitis scores, in which yearling bulls receiving PAP had lesser rumenitis scores than those receiving MON. When the data were disposed as frequency percentage, 55.6% and 45.7% of the rumens from yearling bulls fed PAP and MON were scored between 0 and 1, respectively (0 = no lesions, 10 = severe lesions). Likewise, a signifi cant BT main effect was observed (P = 0.008), where NE yearling bulls had greater rumenitis scores than those of crossbred yearling bulls (TC and CC). No signifi cant FA main effects were observed (P > 0.10) for any of the fatty acids measured in the subcutaneous adipose tissue, with the exception that yearling bulls receiving MON had greater (P < 0.05) concentrations of palmitic acid (16:0), margaric acid (17:0), docosapentaenoic acid (22:5), and docosahexaenoic acid (22:6) than those yearling bulls receiving PAP. Feeding PAP tended to decrease incidence of rumen lesions and led to similar feedlot performance compared with feeding MON. Thus, PAP is a new technology that presents a possible alternative for ionophores.
INTRODUCTION
Ionophores such as monensin (MON) are included in feedlot diets to promote growth and to prevent ruminal acidosis by modifying ion exchange in Gram-negative bacteria. However, some European nations have banned the use of ionophores because they are being classifi ed as antibiotics (OJEU, 2003) , which are thought to contribute to the emergence of antibiotic resistant microorganisms (Newbold et al., 2001) . The European market imports signifi cant quantities of beef from Brazil annually; therefore, the search for alternatives to ionophores that render similar effi ciency and cost-benefi t in Brazilian cattle feeding systems is imperative in the eventual case of increased restrictions to the import of Brazilian beef into Europe. Moreover, the development of alternative feed additives (FA), given the perceived negative effects of the use of antimicrobials as growth promoters, may be benefi cial.
The effects of direct-fed microbials on cattle performance and prevention of ruminal acidosis are diverse. In some studies, direct-fed microbials enhanced cattle performance and prevented ruminal acidosis (Rust et al., 2000; Krehbiel et al., 2003) ; however, in other studies, direct-fed microbials had no effects on performance or ruminal acidosis (Beauchemin et al., 2003; Elam et al., 2003) . Thus, effects of direct-fed microbials on cattle performance have been inconsistent.
An alternative to ionophores that has been evaluated in vivo recently is passive immunization (DiLorenzo et al., 2008; Blanch et al., 2009 ). Vaccination and oral doses of antibodies against lactate-producing ruminal bacteria led to reduction in rumen lactate concentration (Shu et al., 1999) , greater ruminal pH (DiLorenzo et al., 2006) and greater DMI Shu et al., 2000) . The objective of this study was to evaluate effects of replacing monensin for a multivalent polyclonal antibody preparation against several ruminal microorganisms and immunogens on feedlot performance, carcass characteristics, blood gas profi le, rumenitis, and liver abscess incidence of Bos indicus biotype yearling bulls fed high concentrate diets.
MATERIALS AND METHODS
Animals were cared for in accordance with the guidelines established by São Paulo State University Ethical Committee for Animal Research (CEEA).
Polyclonal Antibody Preparations
Similar procedures to those described by DiLorenzo et al. (2006) were used to generate the polyclonal antibody preparation (PAP) used in the present study, with the exception that a multivalent PAP was tested, instead of specifi c preparations containing only 1 antibody as described previously. Polyclonal antibodies were produced by CAMAS Inc. (Le Center, MN). The commercial product contains immunoglobulins, approximately 26% of antibodies acted against Streptococcus bovis (ATCC 9809), 12% against Fusobacterium necrophorum (ATCC 27852), and 48% against proteolytic bacteria Clostridium sticklandii (ATCC 12662), Clostridium aminophilum (ATCC 49906), and Peptostreptococcus anaerobius (ATCC 49031) . The rest of the antibodies (14%) acted against Escherichia coli O157:H7 (ATCC 43895). Streptococcus bovis is a primary lactic acid producing bacteria of ruminants, Fusobacterium necrophorum is involved in the development of liver abscesses in acidotic cattle, Clostridium sticklandii, Clostridium aminophilum, and Peptostreptococcus anaerobius are hyper-ammonia producing bacteria, and Escherichia coli O157:H7 is a food-borne pathogen that dwells in the rumen and terminal rectum of bovine species.
Animals and Management Description
The trial was conducted at the São Paulo State University feedlot in Brazil with 96 seven-mo-old yearling bulls [32 Nellore, 32 Canchim (⅝Charolais × ⅜Nellore), and 32 three-way-cross (½Brangus × ¼ Angus × ¼ Nellore)] housed in 24 pens (5 × 5.35 m; n = 4 animals per pen). Average initial BW was 240.21 ± 14.43, 274.37 ± 8.18, and 292.00 ± 13.93 kg for Nellore (NE), Canchim (CC) and three-way-cross (TC), respectively.
Pen surface was made of concrete beams (10-cm space between beams) to allow fecal material to accumulate in a compartment below the pen, where it was fl ushed out with water to clean it 3 times weekly. Yearling bulls were dewormed, vaccinated (tetanus, bovine viral diarrhea virus, 7-way Clostridium sp.; Cattlemaster and Bovishield, Pfi zer Animal Health, New York, NY), and adapted to pens and diets for a 4-wk period.
Feed ingredients were added to and mixed in a truckmounted mixer. Yearling bulls were fed ad libitum twice daily throughout the study at 0800 h (40% of total ration) and 1500 h (60% of total ration), and ration was delivered to each pen in a feed bunk (5 m, with 1.25 m per yearling bull). The amount of feed offered was adjusted every day on the basis of amount of feed refusals before morning delivery. Feed offerings and refusals were weighed daily in the morning and sampled weekly for chemical analysis. Yearling bulls had free-choice access to a common water trough (0.89 m × 1.00 m × 1.00 m).
Longissimus muscle area and rib fat thickness were measured via ultrasound every 28 d, following the method described by Perkins et al. (1992) . Images were collected using an Aloka SSD-1100 Flexus RTU unit (Aloka Co. Ltd., Tokyo, Japan) with a 17.2 cm, 3.5 MHz probe. Rib fat thickness was measured at the 12th to 13th rib interface over the LM, two-thirds the distance from the spine between the medial and lateral muscle ends. The perimeter of the LM was traced from the digitized image and the software computed muscle area. A single trained technician took all images. Ninety-six yearling bulls were harvested (4 bulls per pen) when 12th rib fat thickness of 4 mm was achieved based upon the average of the treatment group, as assessed by ultrasound, to achieve minimum fat cover for Brazilian market requirements.
Treatments and Diets
The study was a completely randomized design with a 3 × 2 factorial arrangement of treatments, replicated 4 times (4 yearling bulls per pen, total of 24 pens), in which 32 yearling bulls of each of 3 Bos indicus biotypes evaluated were fed diets containing either MON (Rumensin, Elanco Animal Health, Indianapolis, IN) fed via supplement at 300 mg•d −1 or PAP (RMT Optimize, CAMAS Inc., Le Center, MN) at 10 mL•d −1 top dressed (5 mL twice daily) using 20-mL syringes. Because the study was designed to evaluate the effects of replacing MON for PAP, a negative control group was not used.
Cattle were moved through a total of 3 feeding periods for this study: adaptation (ADP), growing (GRO), and fi nishing (FNS) to respect the growth curves of the 3 different biotypes. Diets fed in those periods contained 58%, 73%, and 85% concentrate and were composed of corn silage, high moisture rolled corn grain, cracked corn grain, soybean meal, sugarcane bagasse, and a supplement (Table 1) . A 58% concentrate diet was fed in the fi rst 28-d period to adapt yearling bulls to the subsequent diets. At conclusion of ADP, yearling bulls were switched to the GRO (73% concentrate). Criteria to shift to FNS diet (85% concentrate) were based on ultrasound-derived 12th rib fat thickness measurements. When each biotype reached a minimum threshold of 3 mm on 12th rib fat thickness, cattle were moved from GRO to FNS. Days that each biotype was on each diet are shown in Table  2 . Daily DMI was recorded by weighing offerings (0800 h) and refusals (0700 h in the morning after), and it was expressed in kg and as % of BW. Cattle were weighed at the beginning and at the end of each period, during which feedlot performance, blood gas profi le, and ultrasound measures were collected. Cattle were withheld from feed and water for 16 h before every BW assessment. Final BW was obtained before harvesting, and dressing percentage was calculated by dividing HCW by fi nal BW. Data of HCW were obtained at a commercial abattoir. Cattle were transported 64 km to a commercial abattoir (~2 h).
Diets were sampled weekly, and samples were analyzed immediately for DM, CP (methods 930.15, and 990.02, respectively; AOAC, 1997) , NDF, and ADF. Concentrations of NDF (with heat-stable α-amylase and sodium sulfi te) and ADF were determined by a fi ber analyzer (Model 200, Ankom Technology, Fairport, NY). 1 Supplement contained 30% of urea as a N source, as well as Ca, 26.7%; P, 5.3%; Na, 10.9%; S, 1.5%; Zn, 2,600 mg/kg; Mn, 1,300 mg/kg; Cu, 1,032 mg/kg; I, 45.0 mg/kg; Se, 15.0 mg/kg; Co, 154 mg/kg; Fe, 2,500 mg/kg Monensin was added at 1500 mg/kg of supplement offered to yearling bulls in the monensin (Elanco Animal Health, Indianapolis, IN) treatment.
2 All values except DM, %, are expressed on DM basis.
3 Estimated by equations according to CNCPS (2000) . 4 Non fi brous carbohydrates. 
Blood Gas Profi le
Blood samples were collected on d 15 of each period (ADP, GRO, and FNS). Jugular venous whole blood was collected in 1-mL syringes for blood gas collection 3 h after the morning feed delivery. Blood samples were placed on ice immediately after collection and then transported to the laboratory and analyzed within 2 h. The following blood variables were determined with a pH/blood gas analyzer (BAYER Rapid Lab 865; Siemens Healthcare Diagnostics Inc., Deerfi eld, IL) after sample collection as described by Brossard et al. (2003) : pH, bicarbonates (HCO 3 ), total carbon dioxide content (TCO 2 ), base excess in whole blood (BEB), and base excess in extra cellular fl uid (BEECF).
Rumenitis and Liver Abscess Incidences
Rumenites assessment was accomplished after the cattle had been eviscerated and entire rumen washed. Rumen epithelium was classifi ed according to the incidence of lesions (rumenitis) and abnormalities (e.g., papillae clumped) as described by Bigham and McManus (1975) on a scale of 0 (no lesions and abnormalities noted) to 10 (severe ulcerative lesions). All rumens were scored by 2 trained individuals who were blinded to the treatments, and fi nal data represent the average of the 2 scores. Livers were scored for severity of abscesses on the basis of the system reported by Brink et al. (1990) .
Warner-Bratzler Shear Force (WBSF)
After 24 h of chilling at 0ºC, 2.54-cm-thick steak samples from the LM were harvested between 12th and 13th ribs and vacuum-packaged for WBSF analysis as described by Shackelford et al. (1999) . Samples were maintained at 2°C during transport to the São Paulo State University Meat Lab where steaks were inspected for vacuum seal, repackaged if necessary, and aged for 7 d postmortem at 2°C. After aging, samples were frozen at −20°C before further evaluation of tenderness. Tenderness was measured on a steak with the WarnerBratzler Shear Force instrument (G-R Elec. Mfg. Co., Manhattan, KS). Steaks were thawed for 24 h at 2°C and then cooked with electric clamshell-type grills (model GGR88DK, Salton Inc., Lake Forest, IL) to a fi nal internal temperature of 70°C, as measured by a thermocouple (Type K thermocouple, Omega Engineering, Stamford, CT) placed in the geometric center of each steak. After reaching the desired internal temperature, each steak was cooled to room temperature. When the steaks reached room temperature, eight 1.27-cm cores were removed from each steak parallel to the muscle fi ber. A single, peak shear force measurement was obtained for each core. Peak shear force measurements from the cores collected from each steak were averaged to determine the average shear force value for the steak.
Total Lipids
Procedures for harvesting and processing were the same as for WBSF, with the exception of LM samples being collected from between the 11th and 12th rib and samples being immediately placed into a −20ºC freezer until analyzed. After thawing, subcutaneous fat was removed from the steaks and then reduced to paste with a Robot Coupe R301 Ultra food processor (Robot Coupe S.N.C., Vincennes, France) and 3.5-g samples of ground beef were used to perform the analysis. Total lipids were extracted in duplicate from samples by organic solvents according to the procedures of Bligh and Dyer (1959) .
Fatty Acids Profi le
After 24 h of chilling, 5-g subcutaneous adipose tissue samples from the LM were harvested between 11th and 12th ribs, immediately frozen in liquid nitrogen at −196°C, and transported in a nitrogen tank to the São Paulo State University Meat Lab for further analysis of fatty acids profi le. After thawing, the subcutaneous adipose tissue samples were reduced to paste with a Robot Coupe R301 Ultra food processor. A 400-mg sample, inclusive of connective tissue, was homogenized in the chloroform-methanol mix with the Ultra Turrax (Ika Works Inc., Artur Nogueira, Brazil) and fi ltered (Whatman Paper No. 4) to remove residual connective tissue. The subsequent procedure used was the same as described by Noci et al. (2005) .
The fatty acid methyl esters were separated by gas chromatography by a Varian 3800 GC (Varian Instruments) equipped with a CP-Sil 88 capillary column (100 m × 0.25 mm i.d., 0.2-μm fi lm thickness; Chrompack, Middelburg, Netherlands) and a Varian 8400 auto-sampler. The injector and the fl ame ionization detector were kept at constant temperatures of 250 and 300°C, respectively. The column oven temperature was held at 70°C for 4 min, increased at 13°C/min to 170°C and held for 5 min, and increased to 250°C at 35°C/min and held for 8 min. The carrier gas used was helium at 1.20 mL/min. For peak identifi cation, a standard mix of 37 fatty acid methyl esters (Supelco Inc., Bellefonte, PA) was used, and individual standards from Matreya (Matreya Inc., Pleasant Gap, PA) were used for identification of those fatty acid methyl esters not contained in the mix.
Statistical Analysis
Rumenitis scores were analyzed as non-parametric data by the NPAR1WAY procedure (SAS Inst., Inc., Cary, NC) and Kruskal-Wallis test to compare means. Hot carcass weight, dressing percentage, WBSF, LM lipids content, and fatty acids profi le were analyzed as completely randomized design with a 3 × 2 factorial arrangement by the MIXED procedure of SAS and Tukey test to compare means. The models included the main effects of biotypes (TC, CC, and NE), FA (PAP and MON), and the biotypes (BT) × FA interaction.
Feedlot performance and ultrasound measurements were analyzed as repeated measures by the MIXED procedure of SAS and Tukey test to compare means. Period was used on REPEATED option of SAS. The model included those terms described, BT × FA (nested within pen), period (GRO and FNS), period × BT, period × FA, and period × BT × FA. Blood gas profi le was analyzed as described for feedlot performance, including the ADP period. Mean squares from the BT × FA interaction nested within pen were used to test the signifi cance of BT, FA, and BT × FA interaction. Signifi cance of period and its interactions were tested by residual mean squares of the model. Each variable analyzed as repeated measures was subjected to 8 covariance structures: unstructured, compound symmetric, heterogeneous compound symmetric, autoregressive of order one [AR(1)], heterogeneous fi rstorder autoregressive [ARH(1)], toeplitz, heterogeneous toeplitz, and ante-dependence of order one [ANTE(1)]. The covariance structure that yielded the smallest Akaike and Schwarz's Bayesian criterion based on their −2 res log likelihood was considered to provide the best fi t.
Results were considered signifi cant at the P < 0.05 level, and trends were discussed at P < 0.10. Analyses of variance included the initial measurement covariate when appropriate (P < 0.05). Tests for normality and heterogeneity of treatment variances were performed before analyzing the data. Pens were considered experimental unit for this study.
RESULTS

Feedlot Performance and Carcass Characteristics
Results of the feedlot performance and carcass characteristics are presented in Table 3 . No signifi cant (P > 0.10) FA main effects were observed for any of the feedlot performance variables and carcass characteristics with the exception of dressing percentage. Yearling bulls receiving PAP had a decreased (P = 0.047) dressing percentage when compared with yearling bulls receiving MON. However, when evaluating pair-wise comparisons between FA at specifi c time points, there were notable differences (P = 0.001) for DMI expressed in kilograms (DMIKG) and as % of BW (DMIBW). Dry matter intake expressed as % of BW was greater (P = 0.034) for yearling bulls fed PAP than for those fed MON in GRO period (2.32% vs. 2.21%), but no difference was observed (P = 0.98) between yearling bulls receiving PAP and MON during FNS period (2.05% vs. 2.04%). Likewise, the interaction in DMIKG followed the same pattern of response as in DMIBW; however, no differences were detected (P > 0.10) in GRO and FNS periods between yearling bulls fed PAP and MON (data not shown).
Signifi cant (P < 0.05) BT main effects were observed for all feedlot performance variables and carcass characteristics with the exception of kidney-pelvic fat expressed in kilograms (P = 0.49) and LM lipids content (P = 0.45). Crossbred yearling bulls (TC and CC) had greater (P < 0.001) ADG, DMIKG, and DMIBW when compared with NE yearling bulls. In addition, a signifi cant BT × period interaction was found (P = 0.001), where TC and CC yearling bulls had improved G:F when compared with NE yearling bulls during the FNS period (0.151, 0.148, and 0.111 for TC, CC, and NE, respectively); however, no differences between BT were in the GRO period (0.185, 0.183, and 0.169 for TC, CC, and NE, respectively). Regarding ultrasound and actual carcass characteristics, TC and CC yearling bulls had heavier (P = 0.001) HCW and larger (P = 0.001) initial and fi nal LM area during total feeding period than NE yearling bulls. However, CC yearling bulls had greater (P = 0.049) LM area daily gain than TC yearling bulls, which had greater (P = 0.029) LM area daily gain than NE yearling bulls. Dressing percentage and amount of kidney-pelvic fat expressed as % of HCW were increased in NE yearling bulls (P = 0.019 and P = 0.043, respectively) when compared with TC yearling bulls, which did not differ from CC yearling bulls (P = 0.15 and P = 0.41 for dressing percentage and kidney-pelvic fat expressed as % of HCW, respectively). Yearling bulls of TC biotype presented greater (P = 0.001) initial and fi nal 12th rib fat thickness than NE yearling bulls but did not differ from CC yearling bulls (P = 0.26). However, in terms of 12th rib fat daily gain, TC yearling bulls had a greater rate of subcutaneous adipose tissue accretion (P = 0.017) than NE yearling bulls and did not differ from CC yearling bulls (P = 0.16). A signifi cant BT × FA interaction was observed (P = 0.043) for WBSF, in which steaks from CC and NE yearling bulls fed MON had increased shear force values (P = 0.001) than those from TC yearling bulls. However, when feeding PAP, no differences were observed (P = 0.15) between CC and TC yearling bulls, which still had decreased shear force values than NE yearling bulls (P = 0.002; Table 4 ).
Blood Gas Profi le
Results of the blood gas profi le are presented in Table 5 . No signifi cant (P > 0.10) FA and BT main effects or interactions were observed for any of the blood gas profi le variables. With respect to the periods, yearling bulls had greater (P < 0.01) HCO 3 , TCO 2 , BEB, and BEECF concentrations in the ADP and FNS than in the GRO period. Nevertheless, yearling bulls had greater (P = 0.021) blood pH in the FNS period when compared with the ADP period, in which yearling bulls had greater (P = 0.001) blood pH than in the GRO period.
Rumenitis and Liver Abscess
No liver abscesses were found in this study. Results of rumenitis scores are presented in Figure 1 . A tendency for a FA main effect was observed (P = 0.072), in which rumenitis scores of yearling bulls receiving PAP were less than yearling receiving MON. In addition, when 3 GRO = growing; FNS = fi nishing. 4 Interaction between FA and period (P = 0.001).
5 Interaction between BT and period (P = 0.001).
6 Back fat thickness measured on 12th rib. 7 Interaction between BT and FA (P = 0.043). A,B Within a column, means without a common superscript letter differ (P < 0.05).
1 (Pooled SEM = 0.193) .
the data were presented as frequency percentage, 55.6% and 45.7% of the rumens from yearling bulls fed PAP and MON were scored between 0 and 1 (smaller scores = healthier rumen papillae), respectively (P = 0.041; data not shown). Likewise, a signifi cant BT main effect was found (P = 0.008), where NE yearling bulls had greater rumenitis scores than crossbred yearling bulls (TC and CC). Moreover, when the data were presented as frequency percentage, 62.5%, 60.9%, and 29.2% of the rumens from TC, CC, and NE yearling bulls were scored between 0 and 1, respectively (P = 0.001; data not shown). There was no interaction (P = 0.43) between BT and FA for rumenitis scores.
Fatty Acid Profi le
The fatty acid composition of subcutaneous adipose tissue is presented in Table 6 . With the exception of docosapentaenoic acid (22:5), no signifi cant interactions (P > 0.10) between BT and FA were observed for subcutaneous adipose tissue. A signifi cant BT × FA interaction was found (P = 0.015) for docosapentaenoic acid, where the subcutaneous adipose tissue of TC and CC yearling bulls had greater content of docosapentaenoic acid (P < 0.05) than that of NE yearling bulls when MON was fed (0.04, 0.05, and 0.01 g/100g for TC, CC, and NE, respectively). However, no differences were observed (P > 0.10) when yearling bulls received PAP (0.02, 0.01, and 0.02 g/100g for TC, CC, and NE, respectively). No signifi cant FA main effects were observed (P > 0.10) for any of the fatty acid concentrations in subcutaneous adipose tissue, with the exception of palmitic acid (16:0), margaric acid (17:0), and docosahexaenoic acid (22:6), which were greater (P < 0.05) in bullock fed MON than those receiving PAP.
Adipose tissue concentrations (grams of fatty acid/100 g of subcutaneous adipose tissue) of total fatty acids, myristic acid (14:0), pentadecyclic acid (15:0), palmitoleic acid (16:1), linoleic acid (18:2), linolenic acid (18:3), arachidonic acid (20:4), PUFA, PUFA to MUFA ratio, and unidentifi ed fatty acids were not affected (P > 0.10) by BT. However, signifi cant (P < 0.05) BT main effects were observed for the rest of the fatty acids detected. The subcutaneous adipose tissue of NE yearling bulls presented greater (P < 0.05) contents of myristoleic acid (14:1), heptadecenoic acid (17:1), oleic acid (18:1), cis-9, trans-11 CLA, gadoleic acid (20:1), UFA, MUFA, MUFA to SFA ratio, and PUFA to SFA ratio when compared with the subcutaneous adipose tissue of TC and CC yearling bulls. Conversely, the subcutaneous adipose tissue of TC and CC yearling bulls had greater (P < 0.05) contents of Table 5 . Effect of 3 Bos indicus biotypes [Nellore, Canchim (⅝ Charolais, ⅜ Nellore) and three-way cross (½ Brangus, ¼ Angus, and ¼ Nellore)] provided monensin (MON) or polyclonal antibody preparation (PAP) on blood gas profi le of yearling beef bulls consuming high-concentrate diets during the adaptation, growing, and fi nishing periods (n = 24) a-c Within a row, means without a common superscript letter differ (P < 0.05).
1 HCO 3 -= bicarbonates; TCO 2 = total carbon dioxide; BEB = base excess in whole blood; BEECF = base excess in extra-cellular fl uid. or polyclonal antibody preparation (PAP) on rumenitis scores of yearling beef bulls consuming high-concentrate diets (n = 24). A signifi cant biotype main effect (P = 0.008) and a tendency for a FA main effect (P = 0.072) were observed for rumenitis scores (Pooled SEM = 0.913). A biotype × feed additive interaction was not observed (P = 0.43). a,b Within biotype columns, means without a common superscript letter differ (P = 0.001). c,d Within feed additive columns, means without a common superscript letter differ (P = 0.072).
palmitic acid (16:0), estearic acid (18:0), docosahexaenoic acid (22:6), and SFA than subcutaneous adipose tissue of NE yearling bulls. Additionally, the subcutaneous adipose tissue of TC yearling bulls had greater (P = 0.008) content of margaric acid (17:0) than subcutaneous adipose tissue of NE yearling bulls, which did not differ from that in CC yearling bulls (P = 0.47). Likewise, subcutaneous adipose tissue of NE yearling bulls had greater (P = 0.015) content of docosenoic acid (22:1) when compared with that of TC yearling bulls, which did not differ from CC yearling bulls (P = 0.47). Finally, subcutaneous adipose tissue of NE and CC yearling bulls had greater (P = 0.001) content of nervonic acid (24:1) than subcutaneous adipose tissue of TC yearling bulls.
DISCUSSION
Feed Additives
Yearling bulls receiving PAP had similar feedlot performance compared with yearling bulls receiving MON when fed high concentrate diets. Effects observed in feedlot performance may be partially explained by alterations in rumen epithelium when feeding PAP. Rumenitis score of yearling bulls receiving PAP were less than yearling bulls receiving MON, resulting in similar feedlot performance. Blanch et al. (2009) reported that PAP may be effective in decreasing ruminal acid load during transition from a high-forage diet to a highgrain diet, in which problems related to acidosis, such as rumenitis, are likely to arise. According to Krehbiel et al. (1995) , lesions on rumen epithelium caused by aci- Table 6 . Effect of 3 Bos indicus biotypes [Nellore, Canchim (⅝ Charolais, ⅜ Nellore) and three-way cross (½ Brangus, ¼ Angus, and ¼ Nellore)] provided monensin (MON) or polyclonal antibody preparation (PAP) on fatty acid content (g/100g) of yearling beef bulls consuming high-concentrate diets (n = 24) dosis may affect the fractional rate of VFA absorption for about 6 mo. When analyzing the DMIBW in GRO and FNS periods, yearling bulls receiving MON had a reduced DMI during GRO period, which is in agreement with previous studies (Potter et al., 1986; Burrin et al., 1988; Galyean et al., 1992) . Feeding PAP led to a decreased dressing percentage, but no differences among FA were observed for kidneypelvic fat in this study. These results agree with those reported by DiLorenzo et al. (2008) where feeding PAP against S. bovis and F. necrophorum in a 2 × 2 factorial arrangement led to a decreased dressing percentage and no differences in KPH when cattle received the preparation against F. necrophorum, which is the primary etiological agent in liver abscess development (Nagaraja and Chengappa, 1998) . Reasons for this effect on dressing percentage remain unknown, as well as whether or not it is related to the decreased ruminal counts of F. necrophorum observed in previous studies (DiLorenzo et al., 2008) . In addition, as dressing percentage could be affected by many factors that were not measured in this study (such as hide removal, length of time at commercial abattior pens, thus it is a stretch to say that PAP decreased dressing percentage.
The lack of FA main effect on yearling bulls performance was in agreement with the ultrasound measurements of LM and 12th rib fat thickness, where no differences where observed between PAP and MON. Also, no differences were observed for LM lipids content in steaks of yearling bulls receiving either PAP or MON. When analyzing the BT × FA interaction for shear force, feeding PAP only improved tenderness of steaks from CC yearling bulls, while the other 2 biotypes remained unchanged. These fi ndings are intriguing and warrant further research.
No signifi cant FA or BT main effects were observed regarding blood gas profi le, with values falling in the range of normal blood status as reported by Carlson (1997) . Owens et al. (1998) reported that in cattle well adapted to high concentrate diets, the risk of acidosis and consequent alterations in blood concentration of bicarbonates and blood pH is extremely reduced. However, it is noteworthy to discuss the effect of period on blood gas profi le. During the GRO period yearling bulls presented decreased blood concentrations of HCO 3 , TCO 2 , BEB, and BEECF, and reduced blood pH. The BEB and BEECF concentrations during GRO period were close to blood acidosis conditions (BEB and BEECF <-−3 mmol/L). According to Owens et al. (1998) , a base-excess is normally present in blood, but an acid load can decrease this base-excess and can overcome the buffering capacity of HCO 3 . Despite the smaller BEB and BEECF values during GRO period, the buffering capacity of HCO 3 did not seem to be compromised in our study with an observed mean concentration of HCO 3 in blood of 22.7 mmol/L and mean blood pH of 7.37. Changes in diets caused greater impacts on blood gas profi le because when yearling bulls were switched from ADP to GRO period (58% to 73% concentrate), some parameters of the blood gas profi le were close to blood acidosis conditions. Nevertheless, this did not occur when yearling bulls were switched to the FNS diet, during which yearling bulls presented a blood gas profi le similar to that of ADP period.
Regarding fatty acids profi le in subcutaneous adipose tissue, feeding MON led to greater contents of palmitic (16:0) and margaric acid (17:0) when compared with subcutaneous adipose tissue of PAP-fed yearling bulls, which may be an indication of increased biohydrogenation in cattle fed MON. Moreover, in ruminant adipocytes, de novo fatty acid synthesis converts acetate into long-chain SFA (Ingle et al., 1972; Baldwin et al., 1973; Yang and Baldwin, 1973) such as myristic acid (C14:0) or, primarily, palmitic acid. However, increased content of palmitic acid in subcutaneous adipose tissue of MON-fed yearling bulls would indicate that rumen conditions inducing propionate production are favorable for amylolytic bacteria, which are enriched in longchain SFA and incorporate propionyl-CoA, what may stimulate de novo fatty acid synthesis (Vlaeminck et al., 2006) . In addition, palmitic acid is known by its cholesterolemic effect (Grundy and Denke, 1990) . Yearling bulls receiving MON had increased contents of docosapentaenoic (22:5) and docosahexaenoic (22:6) in subcutaneous adipose tissue as well when compared with yearling bulls receiving PAP. However, no differences were observed for SFA, UFA, MUFA, or PUFA concentrations in subcutaneous adipose tissue of yearling bulls fed either PAP or MON. This indicates that PAP did not negatively affect the fatty acid profi le in subcutaneous adipose tissue of yearling bulls in this study, relative to that observed when feeding MON.
Biotypes
Crossbred yearling bulls (CC and TC) performed better than NE in terms of feedlot performance, and these results may be partially explained by the increased incidence of rumenitis in ruminal epithelium in NE yearling bulls as the mean rumenitis scores for NE yearling bulls was 4.29. Van Soest (1994) postulated that acid accumulation in the rumen could cause rumenitis and lead to a reduced DMI, which is in agreement with the fi ndings in this study. In addition, the improved feedlot performance of crossbred yearling bulls relative to NE may be partially explained by the infl uence of Continental and British breeds, producing cattle with greater feed intake potential and consequently greater ADG and nutrient re-quirements for maintenance (NRC, 1996) . It is possible that given the reduced DMI observed in Zebu cattle, CP intake may be limiting growth performance as suggested by Millen et al. (2009) , but this concept needs further investigation. When comparing crossbred with Zebu cattle, several studies have reported greater DMI and ADG for crossbred cattle (Rogerson et al., 1968; Fox et al., 1988; Euclides Filho et al., 2001) . However, the increased dressing percentage in NE yearling bulls, when compared with TC yearling bulls, may be attributed to some characteristics of Zebu cattle such as lighter gastrointestinal tract weight and its contents, smaller head, and a lighter leather weight (Butler et al., 1956; Ramsey et al., 1965) . On the other hand, in this study, NE yearling bulls had increased amount of kidney-pelvic fat expressed as % of HCW. Increased dressing percentage for Zebu cattle has been reported previously (Damon et al., 1960; Koch et al., 1982; Sherbeck et al., 1995) . In this study, dressing percentage was decreased compared with trials conducted in the United States. There are few factors that may be responsible for this decrease in dressing percentage: 1) Brazil does not consider the kidney and pelvic fat as a component of the carcass, and current harvesting procedures in Brazil remove the kidney and pelvic fat before obtaining the carcass weight; and 2) Brazilian markets require less back fat on the carcass compared with the United States.
In terms of ultrasound measurements, crossbred yearling bulls had larger initial and fi nal LM area and greater LM area daily gain than NE yearling bulls, which might be related to different mature BW (Owens et al., 1995) of biotypes evaluated in this study. On the basis of this fact, the decreased 12th rib fat thickness observed for CC yearling bulls may be explained by the greater mature BW of those cattle. Regarding WBSF, steaks from TC had decreased shear force values, probably because of the Angus infl uence as reported by several authors (Crouse et al., 1989; Wheeler et al., 2001; Amen et al., 2007) .
With respect to fatty acid profi le in subcutaneous adipose tissue, NE yearling bulls had greater contents of UFA and consequently of MUFA and CLA than CC and TC yearling bulls. Because NE yearling bulls presented greater rumenitis scores, greater rumen acidifi cation in those yearling bulls is suggested. The NE yearling bulls might have had a decreased biohydrogenation (Jenkins et al., 2008) , leading to greater accumulation of UFA in subcutaneous adipose tissue when compared with CC and TC yearling bulls. In addition, Duckett et al. (1993) reported a linear increase in oleic acid concentration in beef LM with increasing time on a high-concentrate diet, which is in agreement with this study, where NE yearling bulls spent an additional 39 d on the feedlot. Similarly, Huerta-Leidenz et al. (1996) observed an increase in MUFA from weaning to fi nishing in bovine subcutaneous adipose tissue. Faucitano et al. (2008) also reported increased concentrations of MUFA in steers fed high-concentrate diets or silage supplemented with grain compared with steers fed silage only.
In our study, crossbred yearling bulls (CC and TC) performed better in terms of feedlot performance (including greater ADG) and rumenitis scores were less when compared with NE yearling bulls. In contrast, greater changes in fatty acid profi le were observed for NE yearling bulls. Further research is necessary to study the impact of rumen lesions on animal performance and the sensitivity of Zebu cattle to high-concentrate diets. Feeding PAP decreased the incidence of rumen lesions and led to similar feedlot performance compared with that when feeding MON. However, further studies are needed to determine the negative effect of PAP on dressing percentage as well as the inclusion of a negative control treatment in future trials. Feeding PAP provides an alternative new technology with the potential to replace ionophores. Further investigation is needed to determine the mechanisms by which benefi cial effects of PAP are achieved.
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